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Until rather recently, transmission lines for 
natural gas overated under pressures only slichtly 
above atmospheric pressure, Even in these low-pressure 
lines, deposits of white crystals were observed oc» 
easilonaliy,. Sinee these deposits appeared only at 
tegoratures considerably below the freezing point 
of water, it was rather generally thought (10) that 
they consisted merely of ice erystals, The amount 
of “snow denosites in the lines was so small that 
it~ did not ecnuse serious operating troubles its ime 
portance did not appear to justify eritiesl study, 
in vather recent yeors, high-pressure trenenilscsion 
Lines for naturnl gas have come into very conmnon 
and very extensive use. In these hich preseure 
lines, the deposition of the white selid occurs in 
such quantity as mw cause clogsings of the Lines and 
serious fouling of valves and orifices. Further~ 
more, at high pressures, in the ranze of 500 pounds 
per square ineh, the erystals may Geposit at teaper 
atures as high as 50°F (2). 

“arly in the history of the hichepressure 
transmission of netural gas, it was found that these 


"snow" erystale are reolly crystalline hydrates of 





sone of the Lower paraffin hydrocarbons, as for ex-= 
ample, CH, *8t 50 and Coil, * OH .06 

In the past ceende, a considerable amount of 
research hea been done on the formantion and pro» 
perties of these hydrates and on nethods for pre- 
venting their formations (5)(4)(8)(9)(10) (11) 





The formation of natural cas hydrates depeniea 
primarily on temperature, pressure, and composition 
of the eas. As shown by Graph 1, both high pressure 
and low temperature are favorable to the formation 
of hydrates, Favorable temperature and pressure are 
not the only criteria for hyérate formation, The 
gas must be almost saturated with respect to water 
vapor, since these hydmtes will not form until the 
dew point is approeched, If the partial pressure of 
the water vapor in the gas ils less then the vapor 
pressure of the gas hydrate, the hydrate looses : 
water and decomposes, Also indicated in Graph 1 is 
the fact that hydrates form at slightly different 
pressures and tenneratures depending upon the come 
position of the matural #as. 

A definate teapersture, pressure, ond com 
position are necesanry before the eas ivdreate ean 
form. lowever, even if these conditions are estab- 
lished, it is by no means certain that the hydrates 
of the lover paraffin hydrocarbons will erystallige 
out. There are then certain seconéary factors which 
influence the formation of mas hydrates, It has 
been found (2) that hish velocities of the gas stream, 
pregoure pulsetions, or the introduction of a mall 


hydrate erystal all tromote the formetion of th 
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Methane Hydrate 
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FAVORABLE CONDITIONS FOR THE FORMATION 
OF NATURAL-GAS HYDRATES 


hydrates, oth pressure pulsations ond high vee 
Locities are encountered in timnasnission Lines, 

The curves of pressures and tenzeratures new 
ceesary for hrdrete foraation in an actuel ena show 
a cheage in slope at abont 66°F, This is signi 
in thet the sctuel equilibriua temperature at 4,000 
rouné eer square incl ie lower by 5S°F. to 10°F, than 
the values thot woul’ be abteined by oxtranolating 
the lompresaure data as a straight line, The change ' 
in slope may intiente sone change in the hyfrete 
formed, as, for exnurle, lowerina the number of | 
water aolecules ver asle of cag, The number of water 
molecules per mole of natural cas constituent in not 
known vreeisely (2). Early work (8) inéiceted fron 
6 to 8 moles of water per mole of hydrocarben in the 
orystal. At higher oressures {t waa found (81) thet 
these valves decrease to 5.3, 468, and 443 noles of 
water per Gole of hydrocarbon, 











THE ELDMINATION OF GaS IYpDRATas 


Since the formation of natural gas hydrates is 
a function of temperature, pressure, ané comrosition, 
the elimination ef these hydrates will depend upon 
the effective control of these Variables, ‘The sas 
eaerses from the casing head at the well or from the 
pumping station at a definate pressure, temperature, 
and composition. The formation of solid hydrates 
may be prevented by reducing the pressure of the cas 
to below the eritical velve required for solid for~ 
mation at the lowest temperature existing in the line, 
by maintaining the temperature of the gas above the 
point at which solid brdmte formation ean cecur at 
the existing pressure, by adding to the sas sone 
substance that prevents the formation of solid hydrate, 
or by dehydrating the gas to a dew point lower than 
the prevalling temperature of the atmosphere surrounde 
ing the transsission line 90 as to prevent saturntion 
of the cas with water vYapor, 

Lowering the eas pressure is not sound practice, 
It means the eas must be meconpressed for transuiscion, 
Expanding the eas to a lower pressure alge means a 
Grop in cas temperature, The gas is still saturated 
With reapect to water vapor and at the lower tenperature 
the tendensy for hydrate fornuation has not been 


Gecreased, Hainsinge the sas teuperature maekes the 
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TUR DIBTHYLENE GLYCOL PLANT 


In the continous diethylene glycol plont, high» 
pressure natural gas aaturated with water vapor is 
passed upward through a contactor in which it is 
brought countereurrently in contact with diethylene 
glycol, Since the glycol has a marked affinity for 
water, it abserbs the water from the naturel gas. 
The gas, freed from most of its initial water content 
by contect with the glycol, passes from the top of 
the serubber to the compressor and the trans 
mission line, The wet diethylene glycol passes 
from the bottom of the column to a regenerator in 
whieh the water is removed, The strons dicthylene 
blyeol is pumped back to the top of the cantactor, 

che plant ecnsists of the following essential 





unite: 

L. A contactor 

2, A remenerating still with reboiler, condenser, 
reflux pump, and condensate receiver, 

3. A heat exchanger and a preheater (optional) 

4, A duplex pwxp. 

5, A voiler to senerate stoam, 

6, Yarious flow and temperature controls. 

The contactor (see diagram) is a column 
consisting of a gasoline separator on the bottom to 


extract any natural gasoline entrained with the gaa; 
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£ y. -) : - 
sive . 





two or three sets of double contact plates in the 
middle portions and a tracyfier separator to remove 
any entrained diethylene glycol mist from the mas, 

The contactinz unit consists of three seta of dou 
plates. The upper plate holds a series of uptake 
pipes which Gip into a liacuid resevoir of diethylene 
glycol on the Lower plate, 





At the start of operstion the cas enters unéer 
hich pressure and forees the licuild uy the uptake pir 
while the liquid level on the bottom plate drops, 
When the licuid level on the bottom plate drops to 
below the rim of the pipes, the mas rughes up the 





pipe in a swirling motion entraining some of the 
Liguid as mist. The mist tends to separate out when 
the scns chances direction to pass to the next plate, 

Thie type of column «ives good contact with very 
Little pressure drop, The column must be constructed 
and errected with perfectly horizontel plates, 

ALI the ecuipment is constructed of atandard 
cold rolle4 lowecerbon steel, according to APIA 
coves, Corrosion is neglicible, 

The regenerator is a simple bubbleecap plate 
distilling column, usine steam in closed coils in 
the reboiler, removing water vapor as product (tops) 
and recovering strong (97 per cent} dicthylene 


glycol from the bottoms, 


io 

The reflux receiver is a large vented tank which 
must be checked perlodieally to determine if eny 
netuval gas or gasoline har been absorbed with the 
water Vepor by the @iethylene elycol, This still 
onerates at atmospheric pressure and is desiened for 
a maximum of 50 pounds per square inch absolute, 

The steam boiler ts a simple horizontal Seotch-~ 
Marine type automatically controlled boiler, It uses 
naturel gas as a fuel, tapping the main transmission 


“ 


line thre a pressure reducing valve, The steam is 
uged in the reboiler of the still and in the duplex 
PUD» 

The duplex pump is necessary to pump the strons 
diethylene slyeol. back into the pressure contactor 
from the recenerntor which operates at atmosrheric 
PPESIULGs 

Various cantreols such as «a liculd-Levei control 
on the bottom contactor tray, « flow control for the 
duplex pump, tenperature, pressure ond automatic 
cut-off controls on the boller, teapernture control 
on the reboiler and on the preheater, temperature 
control for the vanor product of the reseneratsr to 
control xweflux, All of these controls are necessary 


to make the plant autommtic in operntion, 












The main purpose of the diethylene glycol pla! 
is the dehydration of the natural gas to a low € 
dew point #0 that the ene is at all times uncaturat 
with respeet to water vapor. os bind the Ee 
unevturated, no solid hydrated will form. fhie inj 
thet the dew point must be lowered to a tenpercture 
pelow the lowest seasonal teaperature encountered by 
the transalssion line. 

Agsuaing that the sas emerges froa the well or 
froa the puapins station in a condition of saturation 
with respect to water vapor, there remains only the 








@eternination of amount of water vapor that must be 
removed to arep the dew point to a value low enough 
to prevent hydrate formation. It would seen that 
specifying the natucal gas temperature and @ecree of 
enturation woulé completely determine the water vaper 
content. This would be true at low pressures where 
ideal aus Laws and partial pressures hold, however, 
at high pressures, the voper pressure of water tends 
eo increase above the equiliorium pressure at normal 
pressure, This is known as the Poynting effect (6). 
fhe water vapor content can be approximate’ by use 

of the fucacity at the operating pressure in come | 


ination with the compressibility Tactor. This 


12 
approximation is not necessary, as Russell (18)(19) 
has recently determined the equilibrium wter vapor 
eontent in natural sar at various presstires and 
temperatures Graph &*. Om this araph the Harmer 
schuildt hydrate line is indiesated, It can be seen 
thst both high pressure and low temperature are 
necessary for hydrate formation. Greph ® shows the 
equilibrium aaterstion water vapor content et various 
temperatures and pressures. To ectimate the smount 
of water vapor thet gust be removed from the sas it 
is aeeesrary to first detersine the water content 
at the gae line temperature and pressure, am? to 
gubtract from this velue the watereyapor econtent 


as the same pressure Dut at a tenperature corresponding 





to the lower éew point. This lower temperatare is 
the Lowest tempernture to vhich the line nay be exe 
posed, The difference between the two water contents 
represents the ssount of water thot muct be removed if 
ydrate formation is to be vrevented, If tne weter 
content in pounds per million eubiec feet of standard 
zns to be romoved is mow multiplied by the eas plant 


* Mony of the craphs in this paver where covried fron 
graphs annecring in the printed literature, Due to 
the low degree of sccurncy, these ararhs should not 


be used for design purposes, 
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capacity in aillions of cubic feet of atandard cas 
per dey, the rate of water removal is “erived, The 
aceurate computation of rete of weter removal is im 
nortant ag it helps deteraine the rate of zlycol cire 
culnotions 

The determination of the glycol rte is the key 
to the design of the cehydration plant, beenuse this 
rate fises the 





er of contactor rliates, the cane 
eentration of week elreol leaving the contaetor and 
also the hent load of the recenerator retoiler, The 
ontinum glyeol rete is determined by an economic 
balance between the number of plates in the contactor 
and the atean conesumetion in the reboller of the roe 
fenerntor Before determining the alyreol rate, several 
operating factors must be fixed or useuomed, 
in a simple anterlal Delnanee around the contactor, 
the water renoved from the natural cas must ecusl the 
wnter absorbed by the Licujd @iethylene elycol, If 
the r se of notural ens flow is expressed in pound 
moles of bone-dry natural sas per hour, the rte of 
gfilresl flow as the moles of pure dry slyveol per hour 
and the wnter concentretion in mole refiio, the anterial 
bilanee reefneern toe 
OXne¥p) & LO g=%p) (1) 
where: G & Moles of dry inert netural eas per hour 
L @ Moles of pure dry @Llethylene elreal per 


hour 






Y # Uples wmter per mole dry gas 

X% # Moles of mter per mole pure dry glycol 

8 @ Botton of contactor tower 

T * Top of tower 
Thie equation is 4 simple material balance and, 
an such, mot hold true irzeapective of the seche — 
anion of absorption, If i¢ can be assumed that no 
flveol evearorates in the contactor and that no 
naturel sae ie abeorbed by the Liquid glyeol, then 
G, the ary gas flow, and L, the dry Liould glyeok 
flow, are both constant and the ratio 1./G must also- 
be constant. If the ratio of L/G is constant on an 
X ¥a Y plot, the oversting Line nust be a straight 
line with the slope of L/G, This operating line is 
indieated on Graph 4, On the aane graph, the eoute 
librium between water vapor in the ene and miter | 
eoneentrate in the licutd eiveoel solution ls ine 
Aieated at the overating temnerature., Yo sinmvlify 
calculations, the asmxaption is ante thet tre con= 
tacting tower will overste at the teanerature of the © 
inlet gaa, This is a fair anproxioation, as the 
ratio of rate of sas flow to the rate of Plow of 
glycol is so larce that, in srite of the lanse 
4ifference in hest enneeities, the totel tower come 


tents soon aprroach the tenverature of the fate 
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As stated, the material balanee is expressed 

by the equation: 
G(YpeaYp) ® LUGQ-%p) (2) 

in this equation, G, Yy, Yr, and X¢ are known 
or fixed quantities. The rate of flow of glycol 
(L) and the concentration (Xp) of the outgoing 
weak solution are not known. Thus we have one 
equation with two unknowns. Ina tewer with an 
infinite nuaber of plates, the minim ratio of L 
to GC under which the tower could operate vould be 
thet corresvonding to the tangent of an operating 
line thet just touches the equilibrium line at one 
roint. If the glycol could be passed down the 
tower with ao change in composition, no ristes 
would be needed, but an infinite rate of circulation 
of giyeol would be recuired, The nacthuel gliycol 
vate and the concentration of weak slycsl soLUbLon 
omie balance, A rough 
balance indicates that the actual L/G ratio should 
equal about four tines the mininun L/G ratio, The 
equilibrium curve for 60°F, indicates a miniaum L/G 
of 2, 510 soles of glycol per mole of dry fade 





rmuat be Pired by an ecor 


This corvesvonds to an actual L/¢ mtio of Lao 
moles of glycol rer mole of Gry S16 This ratio 
automatically fixes the glycol rote. Knowing the 


wlveol rate, the concentration of giyeol Leaving 





ane Queer aus te aoveeciene eek the material talent” 
of Equation 1. Thus, the design of the contactor 
includes the exvression of inlet and outlet weter 
content in mole ratios, the deteraination of the 
waterdiethylene @lycol esuilibrium curve at the 
aperating teanerature and pressure, and the deters 
L/G ratio, together with econemie considerations, 
fixes the actual L/G retio, the diethylene glycol 
rate, and the concentretion of weak slycol leaving 
the tower. 

fhe molar ratio of water to éry gas in the 
inlet gas is ealeowlated from the line tenperature 
and pressure, on the ascumption that the «ne is 
saturated with woter vaper. These conditions and 
Graph #@ are sufficient to fin the moles of weter 
per mole of dry eas, The water content of eas 
leaving the top of the tower is also found from the 
seme araph using the same pressure, However, the 
tenperea ture in this case is not the gas teuperrcture 
but the dew point to which it is necessary to Lower 
the cas from saturation, This dew point is Tixed 
4¢f the geographical vosition of the transmission 
line is obtained, To prevent hydrate forustion, the 
fae Dust remain uneatursted. To remain unsaturated 


the dew point must alvevys be lower than the gas 


gas must be dehydrated must always be lower than the 
average winter temperature to which the line may be 
exposed. 

The equilibrium curves (Graph 5) are constructed 
by a combination of Graphs 2 ané 4 Granh 4 shows a 
series of ecullibrium dew-point curves for any con» 
tact gas temperature corresponding to a definite 
glycol concentration, The water content correspond- 
ine to the equilibrim dew point «at the line pressure 7 
can be read from Graph & Thus a series of equi liveiun 
curves at different temperatures for any one pressure 6 


¢ 
17 
temperature. Therefore, the dew point to which the 





ean be Grawn. For any other pressure, another family 
of equilibrium curves is necessary. 

To clarify the above procedure a problem will be 
illustrated. 


Problem: Desien a éehydrating plant 
handling LOC million standard eubie 

feet per day of netural gas. Gas en= 

ters at 80°F. saturated with water vapor 
at 1,000 pounds per squere inch ebsolute, 
The gas gravity is 0.6. Geographical cone 
glderations require the dew point to be 
lowered to SO°F. 


Moles Water per Mole Dry Gas x 1O" 
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Water - Diethylene Glycol- Natural Gas System 


1. Rate of water renovel 

A. Initial water content at 80°F. and 1000 
pounds per square inch absolute is 

35.0 id. Hp0/10° sta, Cu. Ft. (Graph 2) 

BG. Final water content at 30°F. and 1000 
pounds per square inch absolute is 

7.5 lb. He0/10° sta. Cu. Ft. (Graph 2) 

CG. Het water to be removed is 

S500 - 763 @ 25.7 Lb. Hoo/10% std. Cu. Ft. 

Db. Rate of water removal per minute is 





1. (L/¢)* Miniew is 

2,5 x 10~* Moles Glycol/ioles dry gas (Graph 5) 
&, L/4 = 4x (L/G) Minto is 

1 x 1075 Moles Glycol/Moles dry gas 





4 Keanu tid onken 038 
# 11 Moles Glycol /Hr. 








= 128 Gal/fr. = 2.1 GEM 
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* A A “List of symbols used appears at the end of this paper, 





= 6.92 x 10“¢ Moles Hyofiole dry gas 
») eee See eae 


a) Xp * 9% glycol by weight 





* SOR = 0,182 Moles Hat 






Te - 0. LES 
MoLe glycol 
= 8%% glycol by weicht 


A. Number of plates 

Froa Graph 5, 2.2 theoretical stens are ree 
qgaived to reduce the nolsture content to the de~ 
sired point under the specified conditions, This 
assunes perfeet equilibrium is attained on every 
plate. If we asmme a plate efflelency of 785, this 
corresponds to 2.2/.75, or 3S actual plates. 
B. Tower Diqneter 

fo find the tower diameter, the true volume of 
flow at SO°F, and 1000 rounds per scunre inch abe 
solute mugt be known, Thies necessitates the deter 
minotion of the compressibility factor, since the 


ideal gas law does not hold at 1000 pounds per square 

inch, For natural eas with a gas gravity of 0.6 the 

yoeudeeritieal pressure is 670 pownds per square inch 

absolute end the pseudocritical texperture is S70°R, | 
Py * P/Pgg * 1000/670 © 1.49 











Tr ® 540/370 = 1.46 
Zz @ 0.87 
The actual volume ef ens flow is thent 
v= 100 + Mya f Oye sonst x of 
« 925 Cu. Ft./idin. 
The Allowable Gas Velocity is 
v.% 127 


for P ® 1000 Lbs, per 99. inch, t © SOF,, gs gavity= 0.6 
then f £4 lbs, per. Cu. Pt. | 

v2is7 1/4 

7 = 65.5 rt. /ilin, 
Area ™ Actual Volume/Allowable Velocity 





% 4e6 Ba. Pee 
4 ® 15,5) A ® 13.5) 14.6 
@@ 51o in. dlemeter 
use 52 in. 

C. Shell thickness 





* 2h, ~ Hitee = 1,000 


t= 2,47 inches, or ®+ inch plate 








se thie shell is rather thick, it might be econosieol 
to investigate the cost of operating two towers in 
parallel, each having half the area of the original 
GOVT 
AB 76S Sielte 
@ # 15,517.35 @ 56 inches 
Shell thickness site = 1.72 # 14 inches, 
Teo towers of 1% inch mills would probably be cheaper 
then one tower of 2% inches. 
RD, Uptake “rer 
Le Allowable velocity = 1200 to 1400 ft./min, 
2, Uptake area 925/1200 = 0.77 sift. 
3, Divide into six uptskes of 0,15 s¢,ft. Gach 
4, Dieneter d # 13,5/,15 ® 4,86 inehes 
Use 65 inch diqueter stanfar! pipes. 
IV Vesien of Regenerator Still. 
1. Preseure = 1 Atmosphere 
&, Allowable vapor veloelty = 1 ft./see. 
S Use reflux ratio of 1 to 1 
&, Vapor rising © twice feed water vanor 
5. Yolume of vanor rising 
= lbs, 5,0/min, x 2 x apecific volume of 
steam at @iP°F. 
21,78 lbs.H,O/ain, x 2 x 26.8 ou, f6./1Lb.Hed 
= 95.4 eu, ft. /min. 
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G. Area & Volune/Velocity = 9,4 = 1459 sa.ft. 


%. @ 213.5) 1.58 = 17 inches dianeter 
Use (arbitrarily ) 10 bubble cap plates feeding 
in on the fifth plates 
YY Heat Exchancrer 
1. Use Griscoue Russel G fin tubes 
&. To eool concentrated diethylene elyeal from 
reboiler teapersture of 590°F, to 160° / 
3, To heat weak diethylene clycol feed from 80°F, 
to 250°F. 
4, U3 5 to 10 Bta/so.ft. x br, x LITD 
S. Heat load = Cy W 
Cy = 0.525 Btu/iv. 7, 
w oS Gt x 60 x 9.1 Lbsa,/salions 
4 2 170°, 
QO 3 0,522 x 2,15 GH x 60 x 170 
2 107,000 btu/hr, 
6. Area @ 9/U = LTD 
= 107,000/10 x 80 @ 134 sc.ft. 
Vi Robotler 
1. To heat slycol fron 250%, to 350°, 
2. To vaporize two time the reflux of wter vanor 


% area = Area to heat elycol plus area to heat 


5, U=s15 for heating 
gsc, a T = 0.525 x 2.51 x 9.1 x 80 
= 52,760 Btu/hr 
IMTD = AT, - aT, wm 100 = 20 = 49,7°F. 
ing Ty /ate in 160/20 
Heating Area ¢ Q/UxIMTD = 52,700/15x49.7 
- 70.6 su.ft. 

6, U for vavorizing = 30 Btu/he so.ft. F, 
= 970 x &£x1.78 x 60 = 208,000 Rtu/hr, 
Q/ UxLANTD = 208,000/50x20 
= S47 sc.ft. 
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9, Total Reboiler Area s Ay,t Ang + 2003 
A = 70,.6+ 347 + 85,5 
= 561 sa.fte 
Vit Still Contenser 
1, U = 50 Bew/hr. so. ft.OF,. 
2. Use cooling water of BO°F. 
3. Condense to 200°F, 
Qe WX Kotean 
= 970 x 2 x W7Ox60 = 208,000 Btu/br. 
MTD © AT] -4T, 2 122 = 62 = 87,7°F. 





InAT,/,Te In 122/62 
Area = 9/UxiMNTD @ 208,000/50 x 87,7 
~ 47,8 96,ft. 


G8, UsLS for heating 
Qe, 9 ¢ = 0,525 x 2.31 x %2 x a0 
= 52,700 Btu/hr 
Imtp > 4Ty = sT. @ 100 + 20 g 49,7°F. 
“in 7%, “In 106/20 
Heating Area = Q/UxIMTD = 52, 700/15x49.7 
- 76.6 scoft. 
6, U for vaporizing @ 50 Btu/hr Suelte Fs 
Q 2 670 x 8x 1.78 x 60 = 206,000 Btu/hr. 
A 3 Q/ UxLTD & £08,000/50x20 
= 347 ac. fte 
7, Totel Reboller Area = Ay+ Aeg + 20% 
A = 70,.6+ 347 + 83,5 
= S01 so.fte 
Vil Still Concensex 
1, U = SO Ben/hr. sa.Tt. OF. 
2. Une cooling water of p0°F, 
3e Condense to 200°F « 
Oo « Wx Leteom 
2 970 x 2 x WOx00 = 208,000 Btu/hr, 
MTD BAT, = 4%, 2 LOR = GA gz S777. 
in AT/j%— ‘Un Lae/ee 
Avea 3 Q/UximwiD #@ 208,006/50 x 67.7 
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DE scUSsrIoM 


Although many plants, similar to the one deseribed, 
have been designed, constructed and are operatinc 
scoording to gsuarenteed specificationa, much remains 
to be desired in the good engineering of the decicn, 

For e move rigorous approach the fellowine @ots 
shoul’ be obtained, 

Le Flate efficiency in contact tower ond in the 
Teveneratenl. 

@ Hieght ef a transfer unit, or cf an eculvilent 
theoretical vilate, to be user is a packed=tover tyne 
ot contactor or regenerator. 

we better equilibrimm cate for the systeu, watere 
flethylene giveol anc the aystem natural ensevna ter 
CLlethylene @lyool, 

4, Gomniete oost analyses to determine sconozie 
ootimam conditions of dlethylene slvrcol rate, conecen« 
trations of dlethylene siyeol and number of trars for 
both contactor and re@menerator, 

the ehefce of eanuilp~ment ia rather Tiexible «a 
depends upon economic considerations, in place of a 
remencrator with a bubblee-tap column, 10 micht be 
fenalbie to use an evaporator, It is alsa possible % 
use a siuall necked tower, The contactor, aithourch 


usually -ealened with uptake vires as indicated in 
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Wingran 1, may also use bubble-cap trays or slat-type 
pacicings 

It is the author's opinion thet the contactor 
requires eonsiderably nore investiwation, Since the 
pregsure an& tas capacity are both hich, te contactor 
constitutes by far the Largeat expense fer construction 
and errection, It ia sugmested that this expense ean 
be "werkedly decreased by the use of a centrifugal 
eontacter of the Podbilniak type, whieh gives excellent 
cas=Lienia& contact. No driving force need be anni ed 
40 retete the vanes; these vanes may be curved so that 
the velocity of the sas threuch the contactor spins 
tne. 


An attenant to follow the Jeslgen philosothy for 
tre dehy > tion of naturel g«<s bas been indicate, 
The @talen ie neither acntemicslly ¢lerant ror is it 
himhLy vicoreus, That so mo + existing plants operate 
fairly esuceesefully doen not eliminste the need for 
apre econurate exnerinental date and more scientific 
dosent with better cesiaen and better dete it should 
be vosalble to wet srore satiafsctory and Gere 


eoonomioa] aperations 





A @ Area, square feet 
G,S Moles of inert, “ry natural cas per hour 
Ii S snthalyy Dtu/lb, mole 

a= Sensible heat Btu/lb, 

I, @ Moles of @ry alethvlene glycol ner hour 
Pp S Pressure, pounde rer scuare ineh 

Q = Neat transfered, Btu/hr, 

OR w= Lesreesg Rankine @ Derrees Farenheit 460 
RS Gas constant, 10,71 





{7 & Temvorature, Decrees Rankine 
i 2 Overall coeffictent of heat transfer, Btu/nr.sq.ft. PF, 
VS Volume, cu. ft. 

K @ Moles water per mole drv é@lethvlese gireol 

Y = Moles water ver mole dry eas 

Zz S&S Compreesiblliity factor 

@ = Gas gravity refered to alr at sane conditions 

p = Vapor pressure 

vy = Velocity 

AS Finite difference 

Ps Ddenoity Lb, /cusfts 

e & Critical conditions 

1 & Licuid 

rS& Reduced property 

se @ Poeudcocritical econtitions-refered to mixtures 


y & Vaper 
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